Cancer Medicine

Open Access

ORIGINAL RESEARCH

Meta-analysis of first-line therapies with maintenance
regimens for advanced non-small-cell lung cancer (NSCLC) in
molecularly and clinically selected populations

Pui San Tan', Marcel Bilger?, Gilberto de Lima Lopes3, Sanchalika Acharyya* & Benjamin Haaland?

"Nuffield Department of Primary Care Health Sciences, University of Oxford, Oxford, United Kingdom

2Health Services & Systems Research, Duke-NUS Graduate Medical School, Singapore, Singapore

3Sylvester Comprehensive Cancer Center, University of Miami and the Miller School of Medicine, Miami, Florida
4Centre for Quantitative Medicine, Duke-NUS Graduate Medical School, Singapore, Singapore

5H. Milton Stewart School of Industrial and Systems Engineering, Georgia Institute of Technology, Atlanta, Georgia

Keywords

advanced non-small-cell lung cancer (NSCLC),
Bayesian network meta-analysis, first-line
with maintenance therapy, molecularly and
clinically selected patients

Correspondence

Benjamin Haaland, H. Milton Stewart School
of Industrial and Systems Engineering,
Georgia Institute of Technology, 755 Ferst
Drive, NW, Atlanta, GA 30332.

Tel: (470) 230-0555; Fax: +1 (404) 894-2301;
E-mail: bhaaland3@gatech.edu

Funding Information
This research did not receive any specific
grant from funding agencies in the public,

commercial, or not-for-profit sectors.

Received: 15 March 2017, Revised: 14 April
2017; Accepted: 23 April 2017

Cancer Medicine 2017; 6(8):1847-1860
doi: 10.1002/cam4.1101

Portions of this works were presented at
ESMO Asia 2015 and ASCO 2016.

Introduction

Lung cancer remains the most common cause of cancer
deaths in men [1], with only 30% surviving beyond 1 year
and 8% beyond 5 years [2]. Conventional first-line therapy
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Abstract

Evidence has suggested survival benefits of maintenance for advanced NSCLC
patients not progressing after first-line chemotherapy. Additionally, particular
first-line targeted therapies have shown survival improvements in selected popu-
lations. Optimal first-line and maintenance therapies remain unclear. Here,
currently available evidence was synthesized to elucidate optimal first-line and
maintenance therapy within patient groups. Literature was searched for rand-
omized trials evaluating first-line and maintenance regimens in advanced NSCLC
patients. Bayesian network meta-analysis was performed within molecularly
and clinically selected groups. The primary outcome was combined clinically
meaningful OS and PFS benefits. A total of 87 records on 56 trials evaluating
first-line treatments with maintenance were included. Results showed combined
clinically meaningful OS and PFES benefits with particular first-line with main-
tenance treatments, (1) first-line intercalated chemotherapy+erlotinib, mainte-
nance erlotinib in patients with EGFR mutations, (2) first-line afatinib, main-
tenance afatinib in patients with EGFR deletion 19, (3) first-line
chemotherapy + bevacizumab, maintenance bevacizumab in EGFR wild-type
patients, (4) chemotherapy+conatumumab, maintenance conatumumab in pa-
tients with squamous histology, (5) chemotherapy+cetuximab, maintenance
cetuximab or chemotherapy + necitumumab, maintenance necitumumab in
EGFR FISH-positive patients with squamous histology, and (6) first-line
chemotherapy+bevacizumab, maintenance bevacizumab or first-line sequential
chemotherapy+gefitinib, maintenance gefitinib in patients clinically enriched
for EGFR mutations with nonsquamous histology. No treatment showed com-
bined clinically meaningful OS and PES benefits in patients with EGFR L858R
or nonsquamous histology. Particular first-line with maintenance treatments
show meaningful OS and PFS benefits in patients selected by EGFR mutation
or histology. Further research is needed to achieve effective therapy for patients
with EGFR mutation L858R or nonsquamous histology.

for patients with advanced NSCLC has been four to six
cycles of chemotherapy doublets [3]. On the other hand,
emerging evidence has shown potential benefits of admin-
istering maintenance therapies to nonprogressing patients
beyond four to six cycles of chemotherapy until disease
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progression [4]. However, survival benefits have only been
observed for particular maintenance treatments in targeted
patient populations, for example, switch to or continue
pemetrexed in patients with nonsquamous histology or
continue gemcitabine in patients with squamous histology
[4]. Basic research has corroborated these clinical findings
by showing that administration of effective therapies before
disease progression could enhance kill of tumor cells before
onset of treatment resistance [5, 6].

Optimal combined first-line with maintenance treatment
remains unknown. In fact, a sizeable portion of evidence
on maintenance benefits has been derived from trials that
randomized treatments only to patients not progressing
after first-line chemotherapy, and subsequently measured
survival and progression times from start of maintenance
therapy [7-10]. Many other trials have, in contrast, ran-
domized patients at onset of first-line therapy, and sub-
sequently measured survival and progression times from
start of first-line therapy, then through maintenance
[11-13]. Moreover, many maintenance trials have evalu-
ated maintenance after first-line chemotherapy, while emerg-
ing evidence has shown benefits of first-line targeted
therapies compared to standard first-line chemotherapy
in particular patient populations [14]. With that, there
remains a paucity of evidence for optimal combination
or sequence of first-line and maintenance regimens.

Additionally, key trials in the first-line setting have
shown little or no survival benefit of first-line therapies
with maintenance regimens in unselected populations
[7-10]. Nevertheless, survival benefits have been observed
when patients are selected by particular biomarkers [14].
For example afatinib has demonstrated survival benefits
in patients harboring EGFR mutation subtype deletion
19 [14]. Survival benefits have been suggested within other
clinically or molecularly selected populations [15]. For
example, patients with squamous histology and EGFR
FISH positive showed survival gains with first-line chemo-
therapy and necitumumab maintenance [15].

Furthermore, the majority of first-line trials with main-
tenance regimens have been compared to standard chemo-
therapy with no maintenance [11, 12], rendering a lack of
reliable evidence on head-to-head comparisons of treatments.
With emerging evidence of survival benefits in targeted
populations [14], elucidating treatment strategies for clini-
cally and molecularly selected patients is essential.

In order to elucidate first-line and maintenance treat-
ments that would have the most benefit for patients, one
must consider outcomes that are clinically meaningful for
patients. In lung cancer, an improvement of 3—-4 months
of survival or an HR around 0.80 might be considered
clinically meaningful [16].

In this study, first-line treatments with maintenance regi-
mens are compared head-to-head via network meta-analysis

1848

P.S. Tan et al.

in terms of combined clinically meaningful overall survival
(OS) and progression-free survival (PFS) benefits. Treatments
are compared from a precision medicine perspective in terms
of treatment benefits within (1) molecularly selected patients
in terms of EGFR mutation positive versus wild type, EGFR
mutation subtype deletion 19 versus L858R, EGFR FISH,
and (2) clinically selected patients in terms of histology and
clinically enriched EGFR populations.

Methods

Systematic review and study selection
Search strategy

PubMed was searched for relevant studies published from
1 December 2003 to 19 March 2015. Phase II/III rand-
omized controlled trials evaluating first-line treatments
with maintenance regimens in advanced NSCLC patients
reporting OS or PES relative efficacy estimates were
included. Conference proceedings (ASCO 2014-2015,
ESMO 2014) were searched for additional relevant studies
[17, 18]. Studies which (1) randomized patients after first-
line treatment, (2) continued chemotherapy doublets
beyond six cycles or until progression, (3) included more
than 20% patients with performance (PS) 2-3, or (4)
included surgery, radiation, or chemoradiation as treat-
ment arms were excluded. Detailed accounting of studies
is provided in Figure 1. Study screening was performed

4156 records screened

3989 ineligible records excluded

23 records from other sources

A4

190 records included for

detailed assessment 103 records excluded:

37 not target population

16 continuation of chemotherapy
doublets beyond 6 cycles or
until progression

no pertinent information

no common comparator arm
quality of life study

no maintenance arms
randomized after induction
cost-effectiveness study

phase II with updated phase III
more than 20% with PS 2-3
OS or PFS not reported
maintenance in selected trial site
meta-analysis

prognostic study

treatment recalled

N

87 records (56 trials) included
in meta-analysis

—_ = N W D 000 —

Figure 1. Search diagram for trials evaluating first-line therapies
followed by maintenance regimens in advanced NSCLC patients
according to PRISMA [37] guidelines.
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by two independent reviewers and disagreements were
discussed with the team until consensus. Individual trial
characteristics and relative efficacy estimates for OS and
PES were extracted from the included studies.

Outcomes evaluation

Combined clinically meaningful OS and PFS benefits was
defined as hazard ratios (HRs) <0.80 [16] with >95%
posterior probability of the treatment being better than
standard chemotherapy with no maintenance. Treatment
efficacies were evaluated in terms of (1) surface under
the cumulative ranking curve (SUCRA) [19], (2) posterior
HR with corresponding 95% credible interval (Crl), (3)
posterior probability better than standard chemotherapy
with no maintenance, and (4) posterior probability the
treatment is best. SUCRAs were computed as the average
cumulative probabilities for a particular treatment to be
ranked best, top two, top three, and so on [19].

Treatment efficacies were meta-analyzed within the fol-
lowing molecularly and clinically selected subgroups, (1)
EGFR mutation positive, (2) EGFR mutation subtype
deletion 19, (3) EGFR mutation subtype L858R, (4) EGFR
wild type, (5) EGFR FISH positive, (6) nonsquamous
histology, (7) squamous histology, and (8) clinically
enriched for EGFR mutation. The clinically enriched for
EGFR mutation population was defined as patients of
Asian/East-Asian origins or who were light or never smok-
ers [20]. Additional head-to-head comparisons of treat-
ments for EGFR mutation/subtypes and wild type were
performed.

Statistical analysis

Bayesian network meta-analysis (NMA) was performed
by separately pooling individual studies’ reported OS and
PES hazard ratios on the logarithmic scale. Log hazard
ratios were modeled as normally distributed centered on
a treatment contrast-specific mean subject to within- and
between-study heterogeneities. For studies which did not
fully report HRs and confidence intervals (Cls), efficacies
were computed using procedures outlined in Tierney et al.
(21].

Prior distributions for within-study heterogeneities were
inverse gamma with mean matching the corresponding
study’s reported variance and variance proportional to
the number of events reported for each endpoint in each
study. Prior distributions for average treatment efficacies
(log hazard ratios) were modeled uninformatively as nor-
mal centered at zero with large variance. Between-study
heterogeneity priors were weakly informative uniforms
placing 95% of the prior mass on relative treatment effi-
cacies varying up to twofold between studies.

© 2017 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.
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Draws from the posterior distribution were generated
using 10 Markov chain Monte Carlo chains, each with
100,000 burn-in simulations followed by posterior sampling
of 100,000 observations each to generate posterior effica-
cies in terms of treatment HRs and respective 95% Crls,
SUCRA rankings, probability best, and probability better
than standard chemotherapy with no maintenance.

Multiple efficacy estimates from the same study were
modeled as multivariate normal with a study correlation.
A uniform prior on 0 to 0.95 was specified for the
within-study correlation. Bayesian meta-analysis was
implemented using JAGS [22] run via the R interface
rjags [23]. All other statistical analyses were performed
in R [24]. WebPlotDigitizer was used to recover HRs
and respective Cls reported graphically in individual
studies [25].

Results

A total of 87 records and 56 trials evaluating first-line
with maintenance treatments in advanced NSCLC were
included for meta-analysis (Fig. 1). Studies and treatment
comparisons within-patient groups are shown in Figure 2
and Appendix Table 1.

Molecularly selected populations

EGFR mutation
EGFR mutation positive

In EGFR mutation-positive patients, first-line intercalated
chemotherapy + erlotinib with erlotinib maintenance was
the only treatment which showed combined clinically
meaningful OS and PFS benefits. First-line intercalated
chemotherapy + erlotinib with erlotinib maintenance
showed the best survival SUCRA, along with posterior
HR 0.48 (0.26-0.88) and 99% posterior probability of
outperforming chemotherapy with no maintenance
(Table 1 and Fig. 3). Clinically meaningful PFS benefits
were demonstrated with first-line intercalated chemo-
therapy + erlotinib, erlotinib + bevacizumab, afatinib,
chemotherapy + bevacizumab, erlotinib, gefitinib, chemo-
therapy (gefitinib maintenance), and pemetrexed + gefi-
tinib, each with maintenance regimens as illustrated in
Table 1 and Appendix Figure 4.

Head-to-head comparisons for OS showed that first-line
intercalated chemotherapy + erlotinib with erlotinib main-
tenance outperformed first-line chemotherapy + erlotinib,
erlotinib, gefitinib, chemotherapy + cetuximab, and chemo-
therapy (gefitinib maintenance), each with maintenance
regimens as illustrated in Appendix Table 17. Head-to-head
comparisons for PFS benefits are shown in Appendix Table
18.
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Figure 2. Network of studies in (A) EGFR mutation positive (top left), (B) EGFR wild type (top right), (C) nonsquamous (bottom left), and (D) squamous

(bottom right).

EGFR mutation subtype Del 19

In patients with EGFR mutation subtype Del 19, first-line
afatinib with maintenance afatinib was the only treatment
which showed combined clinically meaningful OS and
PES benefits. First-line afatinib with maintenance afatinib
showed the best survival SUCRA, along with posterior
HR 0.59 (0.43-0.80) and >99% posterior probability of
outperforming standard chemotherapy with no mainte-
nance (Table 1 and Fig. 3). Clinically meaningful PFS
benefits were demonstrated with first-line afatinib, gefitinib,
erlotinib, and erlotinib+bevacizumab, each with mainte-
nance regimens as illustrated in Table 1 and Appendix
Figure 4.

Head-to-head comparisons for OS showed that first-line
afatinib with afatinib maintenance outperformed first-line
erlotinib with erlotinib maintenance as illustrated in
Appendix Table 19. Head-to-head comparisons for PFS
benefits are shown in Appendix Table 20.

EGFR mutation subtype L858R

In patients with EGFR mutation subtype L858R, no treat-
ment demonstrated clinically meaningful OS benefit com-
pared to standard chemotherapy with no maintenance
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(Table 1 and Fig. 3). Clinically meaningful PFS benefits
were demonstrated with first-line erlotinib, gefitinib, afatinib,
and erlotinib + bevacizumab, each with maintenance regi-
mens as illustrated in Table 1 and Appendix Figure 21.

Head-to-head comparisons for OS and PFS showed no
strong evidence of differences among first-line afatinib,
gefitinib, erlotinib, and chemotherapy (gefitinib mainte-
nance) as shown in Appendix Table 22.

EGFR mutation wild type

In EGFR wild-type patients, first-line chemotherapy
+bevacizumab with bevacizumab maintenance was the
only treatment which showed combined clinically mean-
ingful OS and PFS benefits. First-line chemotherapy + bev-
acizumab with bevacizumab maintenance showed the best
survival SUCRA, along with posterior HR 0.57 (0.35-0.94)
and 99% posterior probability of outperforming standard
chemotherapy with no maintenance (Table 1 and Fig. 3).
Clinically meaningful PFS benefits were demonstrated with
first-line chemotherapy + bevacizumab and chemother-
apy + gefitinib, each with maintenance regimens as illus-
trated in Table 1 and Appendix Figure 4.

Head-to-head comparisons for OS showed that
first-line chemotherapy + bevacizumab with bevacizumab

© 2017 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.
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maintenance outperformed first-line erlotinib + bevaci-
zumab, gefitinib, and erlotinib, each with maintenance
regimens as illustrated in Appendix Table 23. Head-to-
head comparisons for PFS benefits are shown in Appendix
Table 24.

EGFR FISH positive

In EGFR FISH-positive patients with squamous histology,
both first-line chemotherapy + cetuximab with cetuximab
maintenance and chemotherapy + necitumumab with
necitumumab maintenance showed combined clinically
meaningful OS and PFS benefits. First-line chemother-
apy + cetuximab with cetuximab maintenance and chemo-
therapy + necitumumab with necitumumab maintenance
showed respective posterior OS HRs 0.56 (0.35-0.89) and
0.70 (0.48-1.01) with 99% and 97% posterior probabilities
of outperforming standard chemotherapy with no main-
tenance (Appendix Table 12). On the contrary, for EGFR
FISH-positive and unselected histology, first-line
chemotherapy+cetuximab with cetuximab maintenance did
not show clinically meaningful OS or PFS benefits
(Appendix Table 12).

Clinically selected populations
Histology
Nonsquamous

In nonsquamous histology, no treatment demonstrated
clinically meaningful OS benefit compared to standard
chemotherapy with no maintenance (Table 2 and Fig. 4).
Clinically meaningful PFS benefits were demonstrated with
first-line chemotherapy + bevacizumab and chemother-
apy + bevacizumab+dulanermin, each with maintenance
regimens as illustrated in Table 2 and Appendix Figure 5.

Squamous

In squamous histology, first-line chemotherapy+conatumumab
with conatumumab maintenance was the only treatment
which showed combined clinically meaningful OS and
PFS benefits. First-line chemotherapy+conatumumab with
conatumumab maintenance showed best survival SUCRA,
along with posterior HR 0.51 (0.23-1.14) and 95% pos-
terior probability of outperforming standard chemo-
therapy with no maintenance (Table 2 and Fig. 4).
Clinically meaningful PFS benefits were demonstrated
with first-line chemotherapy + conatumumab, chemo-
therapy + celecoxib, chemotherapy + cetuximab + cilen-
gitide, and chemotherapy + ipilimumab, each with
maintenance regimens as illustrated in Table 2 and
Appendix Figure 5.

© 2017 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.
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First-line treatment . SUCRA (%) HR (95% Crl) P2

Intercalated chemotherapy + erlotinib —— ! 91.5 0.48 (0.26-0.88) .99
Erlotinib + bevacizumab —e 1 89.1 0.40 (0.11-1.52) .91
Afatinib H———t 65.0 0.90 (0.74-1.10) .85
Chemotherapy + bevacizumab -— H 54.8 0.90 (0.38-2.14) .60
Chemotherapy 48.7 1.00 -
Chemotherapy + erlotinib ——————H 48.5 1.00 (0.66-1.50) .50
Erlotinib H—eo—+H 433 1.03 (0.83-1.30) .38
Gefiitnib H—o—+1 43.0 1.03 (0.86-1.23) .36
Chemotherapy + cetuximab - 1 28.6 1.22 (0.76-1.95) .20
Chemotherapy + gefitinib . 20.5 1.77 (0.44-7.05) .20
Chemotherapyb . 17.0 1.62 (0.70-3.77) .13

favors treatment

EGFR mutation positive
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Figure 3. Overall survival hazard ratio (95% Crl), surface under the cumulative ranking curve (SUCRA) probability, and probability? better than
standard chemotherapy with no maintenance by EGFR mutation status and subtypes for first-line therapies with corresponding maintenance regimens.
For intercalated chemotherapy+erlotinib, erlotinib was administered as 150 mg daily days 15-28 every 28 days cycle [28]. @Posterior probability better
than standard chemotherapy with no maintenance. PFirst-line chemotherapy followed by gefitinib maintenance.
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Figure 4. Overall survival hazard ratio (95% Crl), surface under the cumulative ranking curve (SUCRA) probability, and probability? better than
standard chemotherapy with no maintenance by histology (EGFR mutation unselected) for first-line therapies with corresponding maintenance
regimens. 2Posterior probability better than standard chemotherapy with no maintenance. PBevacizumab maintenance. cPemetrexed + bevacizumab
maintenance. 9included FLEX [38-40] with EGFR-IHC-positive population (>1 cell stained positive), ®Pemetrexed maintenance. fNo maintenance.

9Motesanib 125 mg once daily "Dulanermin 8 mg/kg.

1854

© 2017 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.



Meta-Analysis of First-Line with Maintenance Regimens in NSCLC

P.S. Tan et al.

(senunuo)D)

000 000 (96°1-G1°1) 0S°L 000 00 Qs 1-70°1) vE'L %6'CL glunop3 qiunoy3
000 €00 (29'1-86'0) 9Z'L 000 100 (£971-50°L) Z€'L %EEL opluioplieyl apiwopleyi+Adelayiowayd
000 200 (g6°L-lO'L)ov'L 000 [4%0] (£9'1-88°0) ¢T'L %8¢ gewnzi>eAsq+qiunop3 gewnzi>eAsq+qiunop3
000 9.0 (1Z'1-£9°0) 06'0 000 L1°0 (165'1-98°0) vL'L % 6C qlunRIxXy qlunixe+Adessyrowsyd
€L0 780 (r€'1-2¥'0) L0 €00 8C0 (lv'z-79'0) ¢l %CLE qiuedozeq qiuedozed+paxaliawad
- - - 200 LT0 (zo'z-69°0)8L°L %9'LE gewnwnibly gewnwnyiby+Adelayiowayd
L0°0 2.0 (€S°1-97°0) ¥8°0 700 SE0 (21’2090 €L'L %L LE gewnznyebi| gewnzniebi+Adessyiowayd
100 780 (6171-09°0) ¥8°0 100 LEO (16'1-6£°0)90°L %E LY qewnuwid gqewnuwidi+Adessylowsyd
000 - 00l 000 - 00'L %0'LY ddueURUleW ON Adessyrowsyd
S0°0 L0 (€5°1-9¥°0) ¥8°0 L0°0 90 (86°L-¥5°0) €0°L %L LY paxalisWad gewnzersg+Adelayiowayd
000 €90  (PT'1-SL°0)96°0 000 9v'0 (LT1-08°0) LO'L %€ LY gewnwnipaN qewnwnipsu+Adelsylowsyd
100 690 (€€'1-29°0) 160 200 050 (6'1-£9°0) 00°L % 0§ qIx033[9) qixods|d+Adelayiowayd
000 960 (E0°L—€4°0) £8°0 000 090 (91°1-€8°0)86°0 %9°CS glusjelos qiuajelos+Adelayiowsyd
- - - 000 LS50 (S2°1-£10) 860 %6°CS uezawlipep uezawipea+Adelayiowsyd
100 ¥6'0  (80°1-£S0)8L°0 100 090 (LE'1-1£0) 960 %99 paxaJiawad Adesayiowayd
ulwJisuenp
910 860 (96'0-L'0) €9°0 900 €90 (9" 1-65°0) €60 %665 ulwJIaueNpP+gewnzideasg +gewnzpessg+Adessyiowsyd
isiuobe g-y11
- - - 000 SL0 (€L°1-8L°0) ¥6'0 %L°09 Jsiuobe 6-411L 9/9715€-4d 9/9Z15€-4d+Adesayiowayd
000 9€0 (r9'1-1£'0)80°L L0°0 790 (L¥'1-150) 760 %0°19 gewnuinieuod gewnwnieuod+Adessyiowayd
undABboIIU
000 9°0 (€€71-99°0) ¥6°0 S0°0 £9°0 (LE1-19°0) 260 %G°79 uusdABboIU+geWNZIDEASg +qgewnzperaq+Adesayiowsyd
000 860 (86'0-89°0) 180 000 €80 (01'1-8£°0) 26°0 %879 qluesoloN qiuesajow+Adessyrowsy)d
- - - 100 080 (€171-5£°0) 760 %T'S9 qunyeo qluniyab+Adessyiowsyd
000 LLO (07°'1-£9°0) 06°0 000 S8°0 (80°1-8£°0) 260 %v'S9 gewixniad Lgqewixnd+Adessyiowsyd
8L°0 00l  (08°0-L¥'0) 190 100 €80 (FL'1-1£0) 06°0 %689 gewnzid>eAsq+paxa1awad gewnziersqg+Adessyiowsyd
ulnesezua
8L°0 v.0  (EL°1-VE0) LLO or'o LL°0 (91°2-92°0) ¥L0 %8°0L urinelsezus+gewnzioessg +gewnzpessg+Adessyiowsyd
000 00'L (78'0-59°0) ¥£°0 000 960 (L0'1-6£°0) 06°0 %ELL geulnzibeasg gewnzpesg+Adessyiowsyd
apbuan
110 780  (€€71-€¥'0)9L°0 610 80 (LE'1-6¥°0) 080 % v 9L 9pIbua|D+GeWIXNIda) +qewixnid+Adessyrowsyd
snouwenbsuon
159q 9dueUdUIRW (D %G6) YH 159q 2dueUUIRW (D %6G6) YH v4ONS JUSWIEAI} DUBUSIUIRIA| JUBWIBAIY BUI|-ISII4
Aupgeqoud ou yum Aupgeqoud Oou Ym
Adelayrowayd Adelsyrowayd
plepuels plepuels
uey} Janaq ueyy Janaq
Aujiqeqoud Ayjiqeqoud

[BAIAINS 93.14-UOISSa1H0Id

[BAIAINS [[BISAQ

“AB0J01SIY AQ [BAIAINS 991)-UOISSR160.1d pUE [BAIAINS [[BIBAQ *Z d]qeL

1855

© 2017 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.



P.S. Tan et al.

Meta-Analysis of First-Line with Maintenance Regimens in NSCLC

"6y/6w g uiwisueINQy,

“(dnisod pauless [0 | ) uonejndod aAisod-JH-Y493 Yum [0v-8€] X314 papnpul,

0} "Y1 ‘S|eAIIUI B|qIPaID ‘1D ‘ONjel piezey "YH

S00 88°0 (S€°1-2€°0) 990 - - - - qluelipad qluelipad+Adelsyiowsyd
000 600 (¥6'1-88°0) LE'L 000 000 (¥6'Z-L11)G8'L %0°'€ qiuayelos qlusjelos+Adessylowsyd
- - - 000 600 (#9'1-16°0) 2T'1 %2 0C quuiyeo qiunieb+Adessyrowayd
- - - 000 4N (15'1-68°0)91°L %1¥C gewnwnbly gewnwnyby-+Adessyiowayd
- - - 000 LE0 (29°'1-62°0)0L°L %9°LE uezawipep uezawipea+Adesayiowsayd
000 000 (ZL'z=SL'1)9G'L 000 LE0 (8%7'1-6£°0)80°L %L 'CE qluno3 qiunoy3
€00 850  (SV'Z-€£0) 060 200 9¢°0 9z e-€vo) 6Ll %6°CE gewnwnebi] gewnuwniebn+Adelsyrowsyd
isiuobe g-y11
- - - 000 0€0 (8€71-€8°0) LO'L %EEE isiuobe 6-411 9/9Z15€-4d 9/9715€-4d+Adesayiowayd
000 - 00'L 000 - 00'L %Ly adueUSIUEW ON Adeisyiowayd
000 €€0 (W6'1-590) L'l 200 190 (65°1-81°0) 880 %1'GS Julusueng Julwsuenp+Adessyiowsyd
000 ¥8'0  (61'1-19°0)S8°0 000 640 (0Z°'1-99°0) 680 %195 qluess1oN qluesalow+Adelayrowsayd
000 680  (8L°1-09°0) ¥8°0 000 980 (91°1-19°0) ¥8°0 %E'79 apluwioplijey L aplwopljeyi+Adelsyiowayd
000 160 (01°1-990) 680 000 ¥6°0 (90°1-99°0) ¥8°0 %L €9 gewnwinPaN gewnuwnipau+Adessyiowsyd
000 760 (OL'L—¥¥'0)0L0 000 S6°0 (¥0'1-¥9°0) 280 %G99 gewixnia) Lgqewixmad+Adelsyrowsyd
S00 G660  (0L'l-¥E0) 190 900 /80 (87'1-0¥'0) 2L'0 %8'LL gewnuiid gewnuwijidi+Adelsyiowayd
apbuan
€570 860 (00'L—€1°0)9€0 LT0 €60 (ZZ'1-57°0)95°0 %8'€8 apibua|P+gewxNId) +qewixnid+Adessyowsyd
oLo 960 (01'1-87°0)95°0 970 ¥6°0 (91°1-£2°0) 950 %S'v8 QqIx039[3D qixoda@d+Adelayrowsyd
€20 860 (00'L-¢C0)LV'0 9€'0 G660 (rL'L-€2°0) LG0 %1'/8 gewnuwinieuo’ gewnuwinieuod+Adessyiowayd
snowenbs
200 690 (l¥'1-95°0)680 - - - - qluelIpaD qiuedipad+Adelsyrowayd
158q 3dueUSUIeEW (4D %G6) ¥H 158q 9dueUBUIEW (4D %G6) ¥YH vHONS 1UBWI1LaJ} BDURUSLUIBIA 1UB WL} BUI|-1Sdi4
Aungegold ou yHm Aungeqold ou yHm
Adesayrowsayd Adesayrowayd
piepuels piepuels
ueyy Jo1aq ueyy Jo19q
Aungegold Aunigeqold

|eAIAINS wm\_uﬁuco_mmm\_mo\_n_

[BAIAINS [[BIDAQ

(ponunuod) g o|qel

© 2017 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.

1856



P.S. Tan et al.

Clinically enriched for EGFR mutations

In patients clinically enriched for EGFR mutations with
nonsquamous histology, both first-line chemotherapy+
bevacizumab with bevacizumab maintenance and sequential
chemotherapy + gefitinib with gefitinib maintenance showed
combined clinically meaningful OS and PFS benefits. First-
line chemotherapy + bevacizumab with bevacizumab main-
tenance and sequential chemotherapy + gefitinib with
gefitinib maintenance showed respective posterior HRs 0.78
(0.59-1.05) and 0.79 (0.60-1.05), both with 95% posterior
probabilities of outperforming standard chemotherapy with
no maintenance (Appendix Table 13). Clinically meaningful
PES benefits were demonstrated with first-line chemo-
therapy + bevacizumab with bevacizumab maintenance,
sequential chemotherapy + gefitinib with gefitinib main-
tenance, and intercalated chemotherapy + erlotinib with
erlotinib maintenance, each with maintenance regimens
as illustrated in Appendix Table 13.

Discussion

This meta-analysis showed combined clinically meaningful
OS and PFS benefits of particular first-line with mainte-
nance treatments in advanced NSCLC patients selected by
molecular and/or clinical biomarkers. Results suggest the
following treatment and patient selection strategies; (a)
for molecularly selected patients, the following showed
combined clinically meaningful OS and PFS benefits; (i)
first-line intercalated chemotherapy+erlotinib, maintenance
erlotinib in patients with EGFR mutations, (ii) first-line
afatinib, maintenance afatinib in patients with EGFR dele-
tion 19, (iii) first-line chemotherapy+bevacizumab, main-
tenance bevacizumab in EGFR wild-type patients, and (iv)
first-line chemotherapy+cetuximab, maintenance cetuxi-
mab or first-line chemotherapy+necitumumab, mainte-
nance necitumumab in EGFR FISH-positive patients with
squamous histology, whereas (b) for clinically selected
patients, the following showed combined clinically
meaningful OS and PFS benefits; (i) first-line
chemotherapy+conatumumab, maintenance conatumumab
in patients with squamous histology and (ii) first-line
chemotherapy + bevacizumab, maintenance bevacizumab
or first-line sequential chemotherapy + gefitinib, mainte-
nance gefitinib in patients clinically enriched for EGFR
mutations with nonsquamous histology. No treatment
showed combined clinically meaningful OS and PFS ben-
efits in patients with EGFR L858R or nonsquamous
histology.

This meta-analysis highlights the importance of testing
for specific subtypes of EGFR mutation (Dell19/L858R)
as results suggest that deletion 19 and L858R could be
clinically distinct and exhibit different treatment

© 2017 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.
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outcomes. Feasibility of wide-spread EGFR testing has
been greatly extended by recent advances in ‘liquid biopsy’
or plasma-based genotyping [26, 27]. In particular,
plasma-based genotyping has been shown to detect both
EGFR deletion 19 and L858R rapidly and accurately,
reducing the need for traditional invasive biopsies [26,
27]. Further trials in the EGFR mutation setting should
study treatments distinctly by subtype. Urgent research
is needed to identify treatments that will benefit patients
with L858R subtype as they make up approximately 40%
of identified EGFR mutations [14]. This study has found
little evidence of effective treatments for patients with
this subtype.

When interpreting OS benefit of first-line intercalated
chemotherapy+erlotinib in patients with EGFR mutations,
it is worth noting that result was derived from explora-
tory analysis of a single trial (FASTACT-2) [28].
Additionally, biomarker analyses revealed that the majority
of this study population had 23% EGFR mutation Del
19 and 14% L858R, which might corroborate evidence
from this meta-analysis on the preferential OS benefit in
Del 19 compared to L858R, although confirmatory studies
are needed [29]. Furthermore, only 57% of the trial popu-
lation was tested and testing was not mandatory. Hence,
results may not be representative of the full trial popula-
tion [29].

Previous studies in the maintenance setting have sug-
gested survival benefits with maintenance pemetrexed in
nonsquamous patients who did not progress after first-line
cisplatin/pemetrexed [4, 30]. However, in this meta-analysis
of first-line trials followed by maintenance regimens, no
clinically meaningful survival benefit was observed for
patients with nonsquamous histology. It is important to
note that in the earlier maintenance trial [30], only patients
who had disease control were randomized to a mainte-
nance therapy. In this study all patients randomized to
first-line therapy contributed to comparative estimates of
first-line with maintenance regimens, whereas only patients
with disease control were given maintenance therapy. The
PRONOUNCE trial, for example, contained 42% disease
progressors [31]. This raises an important question for
future research, namely, is first-line cisplatin/pemetrexed
with pemetrexed maintenance beneficial for all nonsqua-
mous patients, or are its benefits limited to patients with
disease control after first-line therapy.

In this study, aggregated data meta-analysis, as opposed
to individual patient data meta-analysis, was performed.
However, we believe that findings are robust due in par-
ticular to the systematic selection of well-designed trials
and objective outcomes. An additional limitation of this
study is that trials which had no common comparator
arms could not be included within the network of com-
parisons, for example, oral versus intravenous vinorelbine
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as single first-line agent [32] or first-line chemotherapy
with maintenance vinorelbine versus gemcitabine [33].

Notably, the level of uncertainty (and corresponding
power to detect differences, if present) varied across com-
parisons, and was driven by several factors, including the
number of studies informing the comparison, the level
of uncertainty/sample sizes of the relevant studies, the
estimate of study-to-study heterogeneity in the efficacy
of treatments, and how indirect the evidence pertaining
to the specific comparison was. In particular, some com-
parisons were relatively uncertain, as reflected by wide
credible and predictive intervals, and this uncertainty was
a function of the data used for analysis. The analysis data
were constrained in two ways, by availability and by inclu-
sion criteria. Data availability reflected both population
sizes of disease subgroups and current clinical thinking.
Here, the inclusion criteria balance inclusiveness with
transparency and robustness of modeling and results.

In particular, several treatments within subgroups failed
to show a combined clinically meaningful benefit, but
this does not necessary mean that there is evidence that
the treatment is not beneficial. Importantly, if the com-
parison of interest was uncertain, then there may not
have been enough evidence to make strong conclusions
of any kind, such as concluding that there was a com-
bined clinically meaningful benefit. Consider, for example,
results for the nonsquamous subgroup. Several treatments
showed some degree of promise, but none crossed the
combined clinically meaningful benefit thresholds, which
measure both the size of effect (hazard ratio) and uncer-
tainty (probability better than standard chemotherapy with
no maintenance). More broadly, several of the treatments
within subgroups which showed promise, but failed to
achieve combined clinically meaningful benefit, in par-
ticular those for which results were quite uncertain, may
warrant further investigation.

To our knowledge, this study is the first multiple treat-
ment comparison meta-analysis to evaluate efficacies of
first-line therapies with maintenance regimens head-to-
head and elucidate treatments with combined clinically
meaningful OS and PFS benefits in patients selected by
molecular and clinical biomarkers. An earlier meta-analysis
has shown clinically meaningful survival benefits of main-
tenance treatments in advanced NSCLC [4]. However,
those maintenance trials randomized only nonprogressing
patients after first-line chemotherapy rendering pooling
of evidence with studies in the current meta-analysis inap-
propriate due to differences in the distribution of disease
trajectories of patients between the two distinct study
designs.

Recently, first-line immunotherapies as a monotherapy
have been tested in PD-L1-positive advanced NSCLC [34,
35]. Interestingly, pembrolizumab showed improved OS
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in patients with high PD-L1 expression. (250%), whereas
nivolumab showed no survival benefits in patients with
low PD-L1 expression (21%) [34, 35]. Further research
on strategies to identify patients who will have the greatest
benefit from immunotherapies in the first-line setting of
advanced NSCLC is needed. In addition, a trial is currently
underway to compare efficacy of the third-generation EGFR
TKI osimertinib with first-generation erlotinib/gefitinib as
monotherapy in the first-line setting of activating EGFR
mutant advanced NSCLC [36]. When data from these
promising studies become available in the future, it will
add to the knowledge and evidence base of treatment
options and patient selection strategies for improving treat-
ment outcomes in advanced NSCLC patients.

In conclusion, this meta-analysis of current evidence
shows that particular first-line with maintenance treatments
show clinically meaningful OS and PFS benefits in molecu-
larly and/or clinically selected populations. Further research
is needed to achieve effective therapy for patients with
EGFR mutation L858R or nonsquamous histology.
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